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VEHICLE FOOT WELL AND FLOOR TRAY 
SYSTEM 

RELATED APPLICATIONS 

This application is a divisional of copending US. applica 
tion Ser. No. 10/976,441 ?led Oct. 29, 2004, the disclosure 
and drawings of Which are fully incorporate by reference 
herein. 

BACKGROUND OF THE INVENTION 

Motor vehicles are almost alWays operated in the out of 
doors and are frequently parked there. It is therefore very 
common for their occupants to have Wet or muddy feetiif 
the occupants have not just ?nished an outdoor activity, at 
least they have had to Walk across a possibly Wet, snoWy or 
muddy surface to access their vehicles. For decades, there 
fore, vehicle oWners have been attempting to protect the 
enclosed interiors of their vehicles (cars, trucks, SUVs) from 
What they themselves track into them. The conventional solu 
tion to this has been to provide a vehicle ?oor mat Which may 
be periodically removed by the oWner and cleaned. 
Human beings have a tendency to move their feet around, 

and foot motion is an absolute requirement in operating most 
vehicles. This has caused a problem, in that the occupants of 
a vehicle have a tendency to push around the ?oor mats With 
their feet. The ?oor mats end up not being centered on the area 
protected, or pushed up so as to occlude the gas, brake or 
clutch pedals, or bunched up or folded overiall undesirable 
conditions. One objective of ?oor mat manufacturers has 
therefore been to provide a ?oor mat that Will stay put and 
Which Will not adversely affect vehicle operation. 

The foot Wells of cars, trucks and SUVs vary in siZe in 
shape from one model of vehicle to the next. Floor mat manu 
facturers have noticed that ?oor mats Which at least approxi 
mately conform to the shape of the bottom surface of the foot 
Well stay in place better and offer more protection. It is also 
common for such ?oor mats, Where provided for front seat 
foot Wells, to have portions Which are meant to lie against the 
?reWalls or front surfaces of the foot Wells. Even as so 
extended it is not too hard to provide a ?oor mat of ?exible 
material that Will approximately conform to these tWo sur 
faces, as the designer only has to mark a tWo-dimensional 
periphery of the mat in providing one Which Will ?t reason 
ably Well. 
More recently, vehicle ?oor trays have come onto the mar 

ket. Most front-seat vehicle foot Wells are actually three 
dimensional concave shapes, typically With complex curved 
surfaces. Floor trays have sideWalls that offer enhanced pro 
tection to the surfaces surrounding the vehicle ?oor, as might 
be needed against Wearers With very muddy or snoWy shoes. 
Conventional vehicle ?oor trays try to ?t into these three 
dimensional cavities, but so far their ?t to the surfaces that 
they are supposed to protect has been less than optimum. A 
conventional vehicle ?oor tray is typically molded of a single 
ply rubber or plastic material, exhibits enough stiffness to 
retain a three-dimensional shape, but is also at least someWhat 
?exible. Fitting such a tray to the complex three-dimensional 
surface of a vehicle foot Well has proven to be dif?cult, and 
the products currently in the marketplace have limited con 
sumer acceptance because of their loose ?t inside the foot 
Well. There is often, and in many places, a considerable space 
betWeen the exterior Wall of these conventional trays and the 
interior surface of the foot Well. This causes the Wall to 
noticeably deform When the occupant’s foot contacts it. 
Vehicle oWners have a tendency to dislike ?oor trays Which 
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2 
rattle, deform, shift and ?op about. A need therefore persists 
for a ?oor tray that Will have a more exact ?t to the vehicle foot 
Well for Which it is provided, that stays in place once it is 
installed, and that provides a more solid and certain feel to the 
occupants’ feet. 
Some vehicle ?oor mats that are noW on the market have 

?uid reservoirs built into them. Particularly in cold or Wet 
climates, dirty Water has a tendency to be shed onto the ?oor 
mat, Where it persists until it evaporates. If there is enough of 
it, it Will leak off of the ?oor mat and stain the carpeting of the 
foot Well that the mat Was meant to protect. These reservoirs 
typically are recessed areas in the mats that provide the mats 
With an enhanced ability to retain snoW-melt and the like, 
until the Water evaporates or can be disposed of by the vehicle 
oWner or user. One advanced design places treads in the 
middle of the reservoir, such that the feet of the occupant are 
held above any ?uid that the reservoir collects. But including 
such a reservoir Within a ?oor tray that otherWise has an 
acceptable ?t to the surface of a vehicle foot Well has not yet 
been done, since there are problems in incorporating a three 
dimensional liquid-holding vessel into a product that ideally 
conforms, on its loWer surface, to the surface of the foot Well. 
Further, a reservoir Which collects drip Water from a large 
surface, such as a vehicle ?oor tray, Will exhibit more prob 
lems in keeping the collected ?uid from sloshing about in a 
moving vehicle. 

Conventional vehicle ?oor mats and trays are molded from 
a single rubber or plastic material. The selection of this mate 
rial is controlled by its cost, its resistance to shear forces, its 
tensile strength, its abrasion resistance, its ability to conform 
to the surface of the vehicle foot Well, its sound-deadening 
properties and hoW slippery or nonslippery it is relative to the 
occupants’ feet, With nonslipperiness (having a relatively 
high coe?icient of friction) being advantageous. Often the 
designer must make tradeoffs among these different design 
constraints in specifying the material from Which the tray or 
mat is to be made. 

SUMMARY OF THE INVENTION 

According to one aspect of the invention, there is provided 
a vehicle ?oor cover, mat or tray Which is removably install 
able by a consumer and Which is formed of at least three 
layers that are bonded together, preferably by coextrusion. 
The three layers include a central layer Whose composition is 
distinct from a bottom layer and a top layer. Preferably, all 
three layers are formed of thermoplastic polymer materials. 
In another aspect of the invention, the top layer exhibits a 
kinetic coe?icient of friction With respect to a sample meant 
to emulate a typical shoe outsole (neoprene rubber, Shore A 
Durometer 60) of at least about 0.82. 

Preferably, a major portion of the central layer is a poly 
ole?n. More preferably, the polyole?n is either a polypropy 
lene or a polyethylene. Most preferably, the polyole?n is high 
molecular Weight polyethylene (HMPE) as herein de?ned. In 
an alternative embodiment, the central layer can be a styrene 
acrylonitrile copolymer (SAN) or an acrylonitrile-butadiene 
styrene (ABS) polymer blend. 

Preferably, a major portion of the top layer is a thermoplas 
tic elastomer, such as one of the proprietary compositions 
sold under the trademarks SANTOPRENE®, GEOLAST® 
and VYRAM®. VYRAM® is particularly preferred. In 
another embodiment, a major portion of the top layer can be 
anABS polymerblend. WhereABS is used in both the top and 
central layers, it is preferred that the amount of the polybuta 
diene phase in the top layer be greater than the amount of this 
phase in the central layer. 
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It is further preferred that a major portion of the bottom 
layer likewise be a thermoplastic elastomer, and conveniently 
it can be, but does not have to be, of the same composition as 
the major portion of the top layer. 

Preferably one or more of the layers is actually a polymer 
blend, in Which a minor portion is preselected for its coextru 
sion compatibility With the adjacent layer(s). Thus, a minor 
portion of the top and bottom layers can consist of a polyole 
?n, While a minor portion of the central layer can consist of a 
thermoplastic elastomer. In each case, it is preferred that the 
minor portion be no more than about one part in four by 
Weight of each layer, or a Weight ratio of 1:3. Where all three 
layers are preselected to beABS blends, the amount of polyb 
utadiene preferably is decreased in the central layer relative to 
the top and bottom layers. 

While the preferred embodiment of the vehicle ?oor cover 
consists of three integral layers, any one of the recited layers 
can in fact be made up of tWo or more sublayers, such that the 
total number of sublayers in the resultant mat or tray can 
exceed three. 

In another embodiment, the thermoplastic elastomer con 
stituent of the top, central and/or bottom layers described 
above can be replaced With a natural or synthetic rubber, 
including styrene butadiene rubber, butadiene rubber, acry 
lonitrile butadiene rubber (NBR) or ethylene propylene rub 
ber (EPDM). 

According to a related aspect of the invention, a vehicle 
?oor cover is provided that has three layers bonded together, 
preferably by coextrusion. Major portions of the top and 
bottom layer consist of thermoplastic elastomer(s). The top 
and bottom layers have compositions distinct from the central 
layer, Which can be chosen for its relatively loW expense. It is 
preferred that a major portion of the central layer be a poly 
ole?n and that major portions of the top and bottom layers be 
one or more thermoplastic elastomers. The polyole?n may be 
selected from the group consisting of polypropylene and 
polyethylene, and preferably is a high molecular Weight poly 
ethylene (HMPE). The thermoplastic elastomer can, for 
example, be SANTOPRENE®, GEOLAST® or VYRAM®, 
With VYRAM® being particularly preferred. It is also pre 
ferred that each of the layers be a polymer blend, With a minor 
portion of each layer being chosen for its coextrusion com 
patibility With adjacent layers. For example, the top and bot 
tom layers can consist of a 3:1 Weight ratio of VYRAM®/ 
HMPE, and the central layer of a 3:1 Weight ratio of HMPE/ 
VYRAM®. 

In an embodiment alternative to the one above, the top and 
bottom layers can consist of ABS polymer blends and the 
central layer can consist of SAN or an ABS in Which the 
polybutadiene phase is present in a smaller concentration 
than in the top and bottom layers. 

In yet another embodiment, the thermoplastic elastomer 
recited in this aspect of the invention may be replaced With a 
natural or synthetic rubber, such as styrene butadiene rubber 
(SBR), butadiene rubber, acrylonitrile butadiene rubber 
(NBR) or ethylene propylene rubber (EPDM). 

In a further aspect of the invention, a vehicle ?oor tray or 
mat according to the invention is made of three layers, 
Wherein a top layer and a bottom layer have composition(s) 
distinct from the central layer, and Wherein at least one of the 
shear strength per cross-sectional area, tensile strength per 
cross-sectional area and stiffness per cross-sectional area is 
greater than any one of the layers from Which the tray or mat 
is composed. It has been found that a triextruded vehicle mat 
or ?oor tray according to the invention exhibits a tensile 
strength at yield, a tensile stress at break, a tensile modulus, a 
shear strength and a ?exural modulus (stiffness) Which are 
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4 
superior to either a polyole?n-dominated single extrusion or 
a thermoplastic elastomer-dominated single extrusion. The 
triextrusion tray demonstrates these enhanced physical prop 
erties While at the same time affording an enhanced coef? 
cient of friction to the feet of the occupant and improved 
tactile properties. By presenting such a surface to the shoe of 
the driver or passenger, the footing of the driver or passenger 
Will be more sure and comfortable. 

In a further aspect of the invention, a vehicle foot Well tray 
is provided as a part of a system that has the vehicle foot Well 
as its other main component. The tray has a greatly enhanced 
conformance to the surface of the vehicle foot Well for Which 
it is provided. At least tWo upstanding Walls of the tray, both 
extending from the tray ?oor to a top margin, conform to 
respective surfaces of the vehicle foot Well such that at least 
Within that one-third of the area of the outer surface of these 
upstanding Walls of the tray Which is adjacent the top margin, 
90% of that top third area departs by no more than about 
one-eighth of an inch from the foot Well surfaces to Which 
they mate. These upstanding tray surfaces may be opposed 
surfaces or adjacent surfaces, and preferably are both. In a 
preferred embodiment, the tray departs from a door sill sur 
face of the vehicle foot Well, and/or a sill curve of the vehicle 
foot Well, by about 0.025 inches. The upstanding sideWalls of 
the ?oor tray conform to the foot Well surfaces Which they 
cover, even Where such foot Well surfaces present both con 
cave and convex surface elements. 

In a still further aspect of the invention, a top margin of a 
vehicle ?oor tray is substantially coplanar on at least tWo 
upstanding sideWalls thereof. Preferably, the top margin of 
the tray is substantially coplanar through three or even four 
continuous upstanding sidewalls. This eases the design of the 
?oor tray, increases hoop strength and assures that all 
upstanding surfaces of the vehicle foot Well Will receive 
adequate protection from muddy footWear. In a particularly 
preferred embodiment, the plane of the top margin is for 
Wardly and upWardly tilted relative to a horiZontal ?oor. This 
provides enhanced protection to the vehicle foot Well pre 
cisely in the place Where muddy footWear are likely to be, 
near the accelerator, brake and clutch pedals or the ?reWall. In 
a preferred embodiment, the tray is at least ?ve inches deep at 
its deepest part. 

In a further aspect of the invention, the above mentioned 
tight tolerances are made possible by a novel vehicle ?oor tray 
manufacturing method. In a ?rst step according to the inven 
tion, points on a surface of the vehicle foot Well are digitally 
measured With a coordinate measuring machine (CMM). 
These points are stored in a computer memory. A foot Well 
surface is generated Which includes these points, preferably 
by connecting linear groups of the points together by using 
B-splines, and lofting betWeen the B-splines to create areal 
portions of the foot Well surface. Using this typically complex 
three-dimensional, predominately concave surface, Which 
may have several concavely and convexly curved portions, a 
corresponding substantially convex outer ?oor tray surface is 
built up such that in many regions, the distance betWeen the 
outer surface of the tray and the surface of the foot Well is no 
more than about one eighth of an inch, insuring a snug ?t. 

In one embodiment of the invention, a reservoir is incor 
porated into the tray ?oor as a collection and evaporation area 
for drip Water from the feet and legs of the occupant. Com 
bination ba?les/treads are provided in the reservoir to impede 
lateral movement of the collected ?uid. Longitudinal and 
transverse portions of these baf?es are joined together. Chan 
nels are cut into another portion of the central area of the tray 
to direct ?uid to the reservoir, such that the bottom of the 
channels is beneath a general tray ?oor surface but above the 
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bottom of the reservoir. In a preferred driver’s side embodi 
ment, the channels are omitted from a portion of the ?oor tray 
upper surface to leave a blank space Where the driver’s heel 
Will rest When operating the gas and brake pedals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further aspects of the invention and their advantages can be 
discerned in the folloWing detailed description, in Which like 
characters denote like parts and in Which: 

FIG. 1 is an isometric vieW of one embodiment of a vehicle 
?oor tray according to the invention; 

FIG. 2 is a top vieW of the ?oor tray illustrated in FIG. 1; 
FIG. 3 is an isometric and transverse sectional vieW of the 

?oor tray seen in FIGS. 1 and 2, the section taken substan 
tially along line 3-3 of FIG. 2; 

FIG. 4 is an isometric and longitudinal sectional vieW of the 
?oor tray shoWn in FIGS. 1 and 2, the section taken substan 
tially along line 4-4 of FIG. 2; 

FIG. 5 is a side vieW of the tray illustrated in FIG. 1, taken 
from the outer side; 

FIG. 6 is a highly magni?ed sectional vieW of a vehicle 
?oor tray, shoWing triextruded layers; 

FIG. 7 is a schematic block diagram shoWing steps in a 
design and manufacturing process according to the invention; 
and 

FIG. 8 is an isometric and schematic vieW of a digitally 
acquired vehicle foot Well ?oor surface from Which the illus 
trated ?oor tray Was made; 

FIG. 9 is a partly transverse sectional, partly isometric vieW 
of both the ?oor tray illustrated in FIG. 2 and the vehicle foot 
Well surface illustrated in FIG. 8, taken substantially along 
line 9-9 of FIG. 2 and substantially along line 9-9 of FIG. 8; 

FIG. 10 is a partly transverse sectional, partly isometric 
vieW of both the ?oor tray illustrated in FIG. 2 and the vehicle 
foot Well surface illustrated in FIG. 8, taken substantially 
along line 10-10 of FIG. 2 and substantially along line 10-10 
of FIG. 8; 

FIG. 11 is a detail ofa ?reWall region of FIG. 10; 
FIG. 12 is a detail ofa seat pedestal region of FIG. 10; 
FIG. 13 is a partly longitudinal sectional, partly isometric 

vieW of both the ?oor tray illustrated in FIG. 2 and the vehicle 
foot Well surface illustrated in FIG. 8, taken substantially 
along line 13-13 of FIG. 2 and substantially along line 13-13 
of FIG. 8; and 

FIG. 14 is a detail ofa kick plate region of FIG. 13. 

DETAILED DESCRIPTION 

An isometric vieW of one commercial embodiment is 
shoWn in FIG. 1. The illustrated vehicle ?oor tray indicated 
generally at 100 is preferably molded from a blank, in sheet 
form, of Water-impervious thermoplastic polymer material 
having a uniform thickness, although the present invention 
could be fabricated from another process such as injection 
molding. The ?oor tray 100 is preferably formed of a triex 
truded thermoplastic material such that the properties of a 
central or core layer can be different than the properties of the 
external or jacket layers, and such that the triextrusion is 
tougher and stiffer per unit thickness than any of the layers 
from Which it is made, as Will be described in more detail 
beloW. 

The vehicle ?oor tray or cover 100 is meant to protect both 
the ?oor and at least the loWer sides of a vehicle foot Well, and 
thus takes on a much more three-dimensional shape than is 
typical of prior art ?oor mats. The ?oor tray 100 includes a 
?oor or central panel 102, Which in the illustrated embodi 
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6 
ment includes a plurality of fore-to -aft or longitudinal parallel 
straight channels 104 that are disposed in a forWard region 
106 of the ?oor panel 102. Preferably these channels are 
about an eighth of an inch deep so that they Will correctly 
channel runoff, and can be about one-quarter of an inch Wide. 
In FIG. 1, forWard is a direction to the upper left, While 
rearWard is the direction to the loWer right, and the terms are 
used in conformance With the orientation of the vehicle in 
Which the tray is designed to be placed. As used herein, 
“longitudinal” means for-and-aft or along the axis of vehicle 
travel, While “transverse” means at a ninety degree angle to 
such an axis, or side-to-side. 

A rearWard or back region 108 of the ?oor panel 102 is 
largely occupied by a reservoir 110, Whose bottom is made up 
by a substantially planar general surface 112. General surface 
112 is situated to be beloW a general surface 114 of the 
forWard region 106. Preferably, the general bottom reservoir 
surface 112 is also beloW the bottommost points of the respec 
tive channels 104, as by about one-eighth of an inch, so that 
?uid in the channels 104 Will empty into the reservoir 110. 

The channels 104 are designed to channel liquid runoff 
from the user’s feet or footWear to the reservoir 110. In many 
vehicles, the portion of the vehicle ?oor (not shoWn in this 
Figure; see FIGS. 8-11) Which underlies the forWard region 
106 slopes from front to rear, and thus the tray 100, by simply 
conforming to the contour of the underlying vehicle ?oor 
portion, Will channel ?uid to the reservoir. For those vehicle 
designs in Which the underlying vehicle ?oor is not pitched in 
this manner, the tray 100 can advantageously be designed to 
create this ?uid ?oW, as by making the material thicker in 
portion 106 than in portion 108, or by giving the bottoms of 
channels 104 a front-to-rear slope. 

The channels 104 occupy most of the forWard region 106, 
although in this and other commercial embodiments a space 
116 on the forWard right hand side has been left open to 
receive the foot of the driver that operates the accelerator and 
brake pedals. In the illustrated embodiment, this space or 
clear area 116 is a delimited by a 180 degree arc of a circle of 
about four inch radius (shoWn in dashed line). The clear area 
116 is provided so that the relatively deep channels 104 do not 
catch the heel of the driver’ s shoe. In other embodiments, the 
clear area 116 can take other shapes or positions, so long as 
the heels of almost all drivers, While operating the brake and 
accelerator pedals of the vehicle for Which the particular tray 
is designed, Will rest Within its con?nes. 

The reservoir 110 has interspersed Within it a plurality of 
tread surfaces or baf?es 118, Which have tWo purposes. The 
?rst purpose is to elevate the shoe or foot of the occupant 
above any ?uid Which may have collected in the reservoir 
110. The second purpose is to prevent this accumulated ?uid 
from sloshing around. To this end, most of the tread surfaces/ 
baf?es 118 have both fore-to-aft or longitudinal portions 120 
and side-to-side or transverse portions 122. This prevents 
large ?uid movement in a forWard or rearWard direction, as 
Would otherWise happen during acceleration or braking of the 
vehicle, and also large ?uid movement side-to-side, as When 
the vehicle is turning. Preferably, each or at least most of the 
fore-to-aft portions 120 are joined to respective side-to-side 
portions. This further compartmentaliZes and restricts the 
movement of collected ?uid. Fluid in one portion of the 
reservoir 110 may make its Way only sloWly and through a 
complicated path to another distant portion of the reservoir 
110, through channels 124 around the ends of the treads or 
baf?es 118. The reservoir design thus creates a large surface 
area Which promotes evaporation of the ?uid, While at the 
same time restricts ?uid movement prior to such evaporation. 
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Disposed around the central or ?oor panel 102 are a series 
of upstanding side panels, Which Will vary in number and 
con?guration from one vehicle model to the next. In the 
illustrated embodiment these upstanding panels include a 
back panel 130 that is disposed adjacent the bottom of a 
vehicle front seat, or a vehicle pedestal for receiving same; an 
inner side panel 132 that closely ?ts a transmission tunnel or 
“hump” in this vehicle; a forWard panel 134 that closely 
conforms to a vehicle ?reWall; and an outer side panel 136. In 
most embodiments, the outer side panel or kick plate panel 
136 Will only extend from its transition With panel 134 to a 
corner 138, at Which point there begins a door sill curve 208 
Which transitions into a door sill panel 140. Unlike the other 
panels, the sill panel 140 is not generally upstanding but 
instead conforms to the sill of a vehicle door and lies in a 
substantially horizontal plane. In this Way occupant ingress 
and egress is not occluded. In many embodiments, including 
the illustrated embodiment, the sill panel 140 is at an eleva 
tion beloW that of the general surface 114 of the ?oor forWard 
region 106 and even beloW the general surface (bottom) 112 
of the reservoir 110. Very large amounts of ?uid (in excess of 
the reservoir capacity) may therefore ?oW right out of the 
vehicle Without having the opportunity to damage the vehicle 
interior. It should be noted that in these FIGUREs, the lines 
dividing the panels are conceptual only and do not appear in 
the ?nal part. As Will be described in further detail beloW, the 
tray 100 preferably is integrally molded as a one-piece con 
struction. 

In one important aspect of the invention, the tray 100 is 
closely ?tted to the vehicle foot Well in Which it is designed to 
be placed. Panels 130,132,134,136 and 140 are all formed so 
as to as closely conform to the vehicle surfaces against Which 
they are positioned, to an extent not found in prior art vehicle 
?oor trays. In a preferred embodiment, at least throughout the 
top one-third of the areas of these panels that is adjacent a 
vehicle tray top margin 150, at least ninety percent of the 
points on the outer surface of the peripheral or side panels 
130-136 are no more than about one-eighth of an inch from 
the corresponding points on the surfaces that they are formed 
to mate With. This close conformance occurs even Where the 
underlying vehicular surface is complexly curved or angled. 
Certain portions of the vehicle foot Well surface, such as kick 
plate transition plate 214, can have both convexly and con 
cavely curved elements. The preferred tolerance of door sill 
curve 208 and sill plate 140 is even tighter, about 0.025 in. 

The close conformance of the tray side panels to respective 
surfaces of the vehicle foot Well produces a protective tray 
Which Will not be horizontally displaced under lateral forces 
created by the occupant’ s feet, or by the motion of the vehicle. 
Opposing pairs of the peripheral panels “nest” or “cage” the 
tray 100, preventing its lateral movement. Thus, outer side 
panel or kick plate panel 136, Which closely conforms to a 
vehicle side Wall at that position, has as its counterpart a 
portion 142 of the inner side panel 132. Any tendency of the 
tray 100 to shift leftWard is stopped by panel 136; any ten 
dency of the tray 100 to shift rightWard is stopped by panel 
portion 142. In a similar manner, the upstanding rearWard and 
forWard panels 130 and 134 cooperate to “cage” any forWard 
or rearWard motion of the tray 100 Within the vehicle foot 
Well. 

The close conformance of the outer or loWer surfaces of 
panels 130-136, 218, 140 to their respective mating surfaces 
of the vehicle foot Well also increases the frictional force 
Which Will oppose any lateral movement. The result of this 
close conformance is to provide a ?oor tray Which Will not 
undesirably shift position, and Which Will provide a steady 
and sure rest to the feet of the occupants. 
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8 
In most commercial embodiments of the vehicle ?oor tray 

100, the side panels 130-136, 140 Will not be formed to 
abruptly extend from the bottom panel 102, but rather Will be 
joined to the bottom or central panel 102 through transitions. 
These transitions may be sloped or curved and Will have a 
varying degree of gradualness. According to the invention, 
the transitions betWeen the outer and bottom surfaces of the 
tray 100 conform Wherever possible to underlying surfaces of 
the vehicle foot adjacent these transitions. 

In FIG. 2, for example, there is seen a large transition or 
subpanel 200 Which extends from forWard portion 106. A 
further subpanel 202 joins transitional subpanel 202 to the 
forWard sideWall 134. Inner or transmission tunnel sideWall 
132 is joined to the pan 102 through a curved transitional ?llet 
204. The rear upstanding panel 130 is joined to the rear 
portion of bottom panel 102 through a small transition 206. A 
transition or sill curve 208 betWeen the outer sideWall 136 and 
the sill panel 140 takes the form of a gradual curved surface. 

The present invention also employs (typically) curved tran 
sitions betWeen adjacent side panels. For example, a curved 
transition 210 joins the back panel 130 to the inner side panel 
132. A curved transition 212 joins the transmission tunnel or 
inner side panel 132 to the front or ?reWall panel 134. A 
transition 214, Which in this embodiment takes the shape of 
an S-curve and conforms to a portion of vehicle Wheel Well, 
joins the front panel 134 to the outer side panel 136. The close 
conformance (preferably to a tolerance of about 1/s in.) Wher 
ever possible to the transitions of the vehicle foot Well surface 
by the outer surface of the tray 100 enhances a close ?t. 

In the illustrated embodiment, the tray according to the 
invention has been made by placing a sheet of substantially 
uniformly thick triextruded thermoplastic material into a 
mold and heating the mold. When this process is used, dis 
crete layers having different characteristics can persist into 
the ?nal product, as Will be described in more detail beloW. On 
the other hand, as using this manufacturing process it is 
dif?cult to provide the channels and reservoir structure 
according to one aspect of the invention While closely con 
forming the bottom surface 300 (FIGS. 3 and 4) to a mating 
surface of the vehicle foot Well. In this central area, and 
according to the preferred manufacturing process, a departure 
aWay from 1/s in. tolerance must be made in order to obtain the 
above-described bene?ts of ?uid How and retention. But 
because the side panels 130-136, 140 and their associated 
transitions continue to closely conform to most of the remain 
ing vehicle foot Well surfaces, the tray 100 continues to be 
locked in one place. 

FIGS. 10-14 superimpose a ?oor tray 100 on a surface 802 
of a vehicle foot Well for Which the tray is designed according 
to the invention. In the part-isometric, part-longitudinal sec 
tional vieW seen in FIG. 10. It can be seen that on the section 
taken there is a quite tight conformance of the loWer surface 
300 of the tray 100 to the modeled surface 802 of the vehicle 
foot Well. As best seen in FIG. 11, the outer surface of the 
?reWall sideWall 134 stays Within one-eighth of an inch of the 
?reWall surface 826 for at least three-quarters of the length of 
surface 826 as measured from the top margin 150 of the tray. 
In areas 1000, 1002 and 1004 (FIG. 10), the modeled surface 
802 of the vehicle foot Well is actually above or to the interior 
to the tray 100. This negative interference is tolerable and in 
some instances is even desirable because the surface 802 is 
that of a vehicle carpet, Which can or even should be 
depressed upon the installation of the tray 1 00 into the vehicle 
foot Well. Such a tight ?t is particularly desirable, for 
example, in the region of the tray around the accelerator 
pedal. 
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FIG. 12 is a detail of FIG. 10 in the area of the seat pedestal 
and a portion of the reservoir 110. Once again, there is a very 
tight conformance of the outer surface of the back panel 130 
to the modeled seat pedestal surface 828 throughout most of 
its length on this section, Well Within 1/s inch. 

FIG. 13 shoWs a side-to-side or transverse section taken in 
a relatively forWard location, so as to cut through the kick 
plate tray and foot Well surfaces 136, 830 on one side and the 
tray and foot Well transmission tunnel surfaces 132, 810 on 
the other. As can be seen, tolerance to Within 1/s of an inch is 
maintained at least for the upper one-third of the surface area 
of these mating surfaces. Areas 1000, 1002 (partially repre 
sented in FIG. 13) and 1006 are areas of negative standoff or 
interference in Which the modeled surface 802 of the vehicle 
foot Well is positioned interiorly of the vehicle tray 100. As 
above explained, this mismatch is permissible if held to 1/s 
inch or less, and is even desirable in some points, because the 
surface 802 is an image of vehicle carpeting rather than a hard 
surface. 

In FIG. 14, there is seen at 1400 an intentional increase of 
radius of the transition betWeen kick plate panel 136 and 
bottom Wall 102. This is done because, for the model shoWn, 
the foot Well kick plate surface 830 is both vertical and is 
relatively deep. Therefore, sideWall 136 needs to have a draft 
of at least tWo degrees (and more preferably ?ve degrees) 
relative to the surface 830 to insure that the Wall of the tray 
100 Will remain acceptably thick enough at the junction of 
Walls 136, 102. The increase ofthe radius 1400 accomplishes 
this. Nonetheless, even on this section the outer surface of the 
kick plate 136 stays Within one-eighth of an inch of the kick 
plate surface 830 for at least one-third of the length, as mea 
sured from margin 150. 
More generally, at least ninety percent of that top one-third 

of the surface area of each sideWall 130-136 that is adjacent 
the top margin 150 stays Within 1/s in. of the vehicle foot Well 
surfaces With Which they are designed to mate. Alternatively, 
ninety percent of the top one-half of the outer surface area of 
all upstanding sideWalls is Within this 1/s inch tolerance of 
respective foot Well surfaces. In even a further alternative 
measurement of tolerance, it is preferred that at least ?fty 
percent of the outer area of the upstanding sideWalls 130-136 
be Within 1/s inch of the vehicle foot Wells to Which they 
correspond, regardless of position relative to the top margin 
150. 
As best seen in FIGS. 1, 5 and 10, a top margin 150 ofthe 

tray 100, Which terminates all of the upstanding sideWalls 
130,132,134,136 and 138, substantially lies in a single plane 
Which is tilted forWardly upWardly relative to the horizontal 
plane. The continuous nature of the top margin 150 means 
that the produced tray 100 has a higher hoop strength, and 
better protects the vehicle carpeting from dirt or mud on the 
sides of the occupant’s feet. The occupant’s feet tend to 
occupy positions on the forWard region 106, but the position 
of the top margin 150 around this region is high, being at least 
?ve inches removed from the ?oor of the tray at its greatest 
separation. 

COMPOSITION 

According to one aspect of the invention, it is preferred that 
the tray or cover 100 not be of uniform composition through 
out, but rather be a laminate having at least three layers Which 
are bonded together. A preferred composition of the tray 100 
is shoWn in the highly magni?ed sectional detail shoWn in 
FIG. 6. In this illustrated embodiment, the tray 100 consists of 
a top layer 600, a central or core layer 602, and a bottom layer 
604. All three layers 600-604 preferably consist of one or 
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10 
more Water-impervious thermoplastic polymers, but layers 
600 and 604 have properties Which are at least different from 
core layer 602 and may even have properties Which are dif 
ferent from each other. The trilayer cover is shoWn to be a 
three-dimensional ?oor tray in the draWings, but can also be 
a more tWo-dimensional ?oor mat of more limited coverage. 
Top layer 600 is made from a material selected for its tactile 
properties, its relatively high static and dynamic coef?cients 
of friction With respect to typical footWear, and its resistance 
to chemical attack from road salt and other substances into 
Which it may come into contact. Top layer 600 preferably 
includes a major portion of a thermoplastic elastomer such as 
VYRAM®, SANTOPRENE® or GEOLAST®, Which are 
proprietary compositions available from Advanced Elas 
tomer Systems. VYRAM® is preferred, particularly Grade 
101-75 (indicating a Shore A hardness of 75). An upper 
surface 606 of the top layer 600 may be textured by a “hair 
cell” pattern or the like so as to provide a pleasing tactile feel 
and visual appearance, as may a loWer surface of the bottom 
layer 604. 

It is preferred that top layer 600 be a polymer blend, in 
Which instance a minor portion of the composition of the top 
layer 600 is selected for its coextrusion compatibility With 
core layer 602. A polyole?n polymer is preferred, such as 
polypropylene or more preferably polyethylene, even more 
particularly a high molecular Weight polyethylene (HMPE). 
As used herein, HMPE is a commodity product, available 
from many sources, and distinguished in the industry from 
loW density polyethylene (LDPE) and high density polyeth 
ylene (HDPE) by its approximate properties: 

Characteristic LDPE HDPE HMPE 

Speci?c Gravity, 0.918 0.96 0.95 
ASTM D-792 

Tensile Modulus, 22,500 95,000 125 ,000 
ASTM D-638, psi 
Tensile Strength @ 1,800 4,500 3,600-3,700 
Yield, ASTM D-638, psi 
Flexural Modulus, 225,000 165,000-175,000 
ASTM D-790, psi 
Hardness, ASTM 45 66 68 
D-2240, Shore D 

In the above table, the testing methods by Which the prop 
erties are determined are given for the purpose of reproduc 
ibility. 

Particularly Where the thermoplastic elastomer and the 
polyole?n are respectively selected as VYRAM® and 
HMPE, the proportion by Weight of the thermoplastic elas 
tomer to polyole?n material in layer 600 is preferably 
selected to be about 3:1. It has been discovered that some 
polyole?n material needs to be present in layer 600 for coex 
trusion compatibility With central layer 602, in the instance 
Where a major portion of the layer 602 is also a polyole?n. 

In an alternative embodiment, the thermoplastic elastomer 
component of the top layer 600 may be replaced With an 
elastomer such as natural rubber, acryl-nitrile butadiene rub 
ber (N BR), styrene butadiene rubber (SBR), or ethylene pro 
pylene diene rubber (EPDM). 

In a further alternative embodiment, layer 600 can be an 
acrylonitrile butadiene styrene (ABS) blend. ABS is a mate 
rial in Which submicroscopic particles of polybutadiene are 
dispersed in a phase of styrene acrylonitrile (SAN) copoly 
mer. For layer 600, the percentage by Weight of polybutadi 
ene, Which lends elastomeric properties to the material, 
should be chosen as relatively high. 
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The core or central layer 602 preferably is composed of a 
thermoplastic polymer material that is selected for its tough 
ness, stiffness and inexpensiveness rather than its tactile or 
frictional properties. Preferably a major portion of it is a 
polyole?n such as polypropylene or polyethylene. More pref 
erably, a majorpor‘tion of the layer 602 is composed of HMPE 
as that material has been de?ned above. 

It is preferred that the central layer 602 be a blend, and in 
that instance a minor portion of layer 602 is composed of a 
material selected for its coextrusion compatibility With top 
layer 600 (and bottom layer 604 described beloW). In the 
illustrated embodiment, this minor portion is a thermoplastic 
elastomer such as SANTOPRENE®, GEOLAST® or 
VYRAM®. VYRAM® Grade 101-75 is particularly pre 
ferred. For layer 602, and particularly Where the polyole?n 
and the thermoplastic elastomer are respectively selected as 
HMPE and VYRAM®, the proportion by Weight of polyole 
?n to thermoplastic elastomer is preferred to be about 3:1. 
More generally, the percentages of the minor portions in 
layers 600 and 602 (and layer 604) are selected as being the 
minimum necessary for good coextrusion compatiblity. 

In an alternative embodiment, Where layer 600 has been 
chosen as a polybutadiene-rich layer of ABS, layer 602 is 
chosen as a grade of ABS having less of a percentage by 
Weight of polybutadiene in it, or none at all (effectively, 
styrene acrylonitrile copolymer or SAN). 
Bottom layer 604 has a loWer surface 300 Which Will be 

adjacent the vehicle foot Well top surface. Typically, this 
surface is carpeted. The bottom layer 604 is a thermoplastic 
polymer material selected for its Wear characteristics, as Well 
as its sound-deadening qualities and a yieldability that alloWs 
the layer 604 to better grip “hard points” in the vehicle foot 
Well surface as Well as conform to foot Well surface irregu 
larities. Preferably, a major portion of the layer 604 is com 
posed of a thermoplastic elastomer, such as SANTO 
PRENE®, GEOLAST® or, preferably, VYRAM®. 
VYRAM® Grade 101-75 is particularly preferred. 

It is preferred that the bottom layer 604 be a polymer blend. 
In this instance, a minor portion of the bottom layer 604 is 
selected for its coextrusion compatibility With the core layer 
602. Where core layer 602 is mostly made of a polyole?n 
material, it is preferred that a polyole?n be used as the minor 
portion of the bottom layer 604. This polyole?n can be, for 
example, polypropylene or polyethylene, and preferably is 
HMPE. The amount of the minor portion is selected to be that 
minimum amount that assures good coextrusion compatibil 
ity. Where the polyole?n and the thermoplastic elastomer are 
respectively chosen to be HMPE and VYRAM®, it has been 
found that the thermoplastic elastomer: polyole?n ratio by 
Weight in the layer 604 should be about 3:1. 

In an alternative embodiment, the thermoplastic elastomer 
component of layer 604 may be replaced With a rubber, such 
as natural rubber, NBR, SBR or EPDM. 

In another alternative embodiment, Where the central layer 
602 has been selected as ABS or SAN, layer 604 can be 
selected as a grade of ABS Which has a higher percentage by 
Weight of polybutadiene in it than in central layer 602. 

Bottom jacketing layer 604 conveniently can have the same 
composition as top jacketing layer 600, but the tWo jacketing 
layers do not have to be similar. What is important that, Where 
the tray 100 is to be formed as a triextrusion (as is preferred), 
layers 600, 602 and 604 be suf?ciently compatible that they 
can be triextruded as a single sheet. 

It is preferred that most of the thickness of the tray 100 be 
made up by the core layer 602, Which is used as the principal 
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12 
structural component of the tray 100. The core layer 602 has 
at least minimally acceptable tensile strength, shear strength 
and high ?exural modulus, While at the same time being 
signi?cantly less expensive than the thermoplastic elastomer 
dominated jacketing layers. The jacketing layers 600 and 604 
are selected to present good Wear surfaces and to have a good 
resistance to chemical attack from substances such as road 

salt. Top layer 600 is selected to exhibit a relatively high 
coe?icient of friction With respect to typical occupant foot 
Wear. The composition of bottom layer 604 is selected for its 
sound-deadening and yieldability qualities. 
The total thickness of tray 100 is the sum of dimensions a, 

b and c. In the illustrated embodiment, jacketing layer thick 
nesses a and c are each about 12.5% of the total thickness, 
While core layer thickness b is about 75%. In one embodi 

ment, the total thickness of the tray 100 (or, more precisely, of 
the blank sheet used to mold the tray 100) is approximately 
0.120 inch. Of this, core layer 602 is about 0.09 inch, While 
jacketing layers 600 and 604 are each about 0.01 50 inch. In an 
alternative embodiment, the layer 600 can be made to be 
appreciably thicker than layer 604, as top surface 606 is a 
Wear surface for the shoes of the occupant and Will see more 
abrasive dirt and more Wear than surface 300 in typical appli 
cations. In another alternative embodiment, the thickness of 
layer 604 may be increased, alloWing it to even better con 
form to the vehicle foot Well surface With Which it is designed 
to mate and to increase sound-deadening. 

A preferred embodiment of the present invention combines 
the high coef?cient of friction, tactile qualities, sound-dead 
ening and yieldability obtainable With a thermoplastic elas 
tomer With the modest cost of a polyole?n. To demonstrate 
the technical advantages of a triextrusion tray over monoex 

truded prior art structures, tests measuring tensile strength, 
shear strength, ?exural modulus and coe?icient of friction 
Were performed on (1) a triextrusion sheet material made and 

used according to the invention, (2) a monoextruded sheet of 
75 Wt. pct. VYRAM®/25 Wt. pct. HMPE, and (3) a monoex 
truded sheet of Wt. pct. VYRAM®/75 Wt. pct. HMPE. The 
particular tests and their results are described beloW. 

The ?rst tWo tests performed concern static and dynamic 
coef?cients of friction. 

EXAMPLE 1 

These tests determined static and kinetic coef?cients of 
friction of a sheet of triextrusion material With respect to an 
object meant to emulate an typical occupant shoe outsole. 
This “shoe” Was composed of Shore A Durometer 60 neo 
prene rubber, formed as a “sled” measuring 2.5 in.><2.5 in.>< 
0.238 in. The “shoes” Were draWn across an upper, textured 
surface of a 0.120 in. triextrusion sheet formed according to a 
preferred embodiment of the invention measuring 4 in.><12 in. 
according to the procedure set forth inASTM D 1894-01 . The 
triextrusion sheet had, as its top layer, a blend of 75 Wt. pct. 
VYRAM® Grade 101-75/25 Wt. pct. HMPE. The core layer 
Was 75 Wt. pct. HMPE/25 Wt. pct. VYRAM® Grade 101-75. 
The bottom layer Was a blend of 25 Wt. pct. HMPE/75 Wt. pct. 
VYRAM® Grade 101-75. The bottom and top layers each 
comprised about 12.5% of the sheet thickness While the 
middle core layer comprised about 75% of the sheet thick 
ness. Results are tabulated as folloWs. 












